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Purpose: To compare the influence of anaesthetic technique on perioperative complications in patients undergoing carotid 
endarterectomy. 
Material and methods: In a retrospective study of 1020 consecutive patients who underwent carotid artery surgery over 
10 years, perioperative neurologic and cardiologic omplications and the use of an internal carotid artery shunt were 
compared in 337 patients (33%) treated under general anaesthesia and 683 (67%) under cervical block. The two groups 
had similar characteristics. The most frequent surgical indication was symptomatic carotid artery disease (91.5%). The 
remaining patients had asymptomatic severe internal carotid lesions (> 70%). 
Results: The overall perioperative stroke rate was 1.9%, the death-stroke rate 0.7% and the cardiac complication rate 0.8%. 
The perioperative stroke rate was higher in the general anaesthesia group than in the cervical block group (3.2% vs 1.3%, 
p = 0.01). Cardiac complication rates were similar in the two groups. A carotid artery shunt was used in 75 patients (22%) 
receiving general anaesthesia and in 92 patients (13%) receiving cervical block (p = 0.0004). The causes of stroke in the 
cervical block group were intraoperative mbolism (4 cases, 26%), perioperative thromboembolism (7 cases, 58%) and 
clamping ischaemia (1 case, 16%). Mechanisms causing stroke in the general anaesthesia group remained unidentified or 
uncertain. 
Conclusions: Cervical block anaesthesia yields better perioperative results than general anaesthesia probably because it 
allows more reliable cerebral monitoring, reducing or even eliminating perioperative strokes related to clamping ischaemia. 
It facilitates detection of the mechanism underlying intraoperative stroke allowing suTxical techniques and intraoperative 
management to be modified accordingly. Cervical block anaesthesia significantly reduces the need for internal carotid artery 
shunting. 
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Introduction 
Appropriate selection of patients for surgical treat- 
ment, improved surgical techniques and more accu- 
rate intraoperative c rebral monitoring have helped to 
reduce the operative risk for carotid endarterectomy 
to its present range of 2-6%. 1'2 Because carotid 
endarterectomy is increasingly requested for high risk 
patients, surgeons face an increasing demand to 
perform carotid endarterectomy in severely ill 
patients. This problem aside, the rate of postoperative 
carotid endarterectomy complications still needs to be 
improved. 
Most vascular surgeons prefer to do carotid endar- 
terectomy under general anaesthesia. ~-4 Not only is 
*Please address all correspondence to: E. Sbarigia, I Department of 
Vascular Surgery Policlinico Umberto I, Viale del Policlinco 00161 
Rome, Italy. 
this anaesthetic technique believed by many to pro- 
vide better preservation ofbrain function, but it is also 
more practical generally less time-consuming, and 
more comfortable for patients and surgeons alike. 
There are, however, shortcomings, notably the poor 
reliability of the current standard intraoperative mon- 
itoring techniques (carotid artery stump pressure 
measurements and EEG). 5"6 Other highly advanced 
techniques (somatosensory evoked potentials, 
regional blood-flow measurement by Xenon 133, or 
more recently transcranial Doppler sonography) all 
require elaborate quipment and many necessitate he 
presence of specialised personnel during the opera- 
7 11 tion. - Reports from others assessing eneral anaes- 
thesia for carotid endarterectomy lz-~4 and our own 
previous study ~5 have drawn attention to numerous 
intraoperative complications that escape detection by 
intracerebral monitoring, becoming evident only 
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when patients awaken from anaesthesia. Many of 
these complications remain unexplained. 
To find a means of overcoming the problems related 
to general anaesthesia and at the same time improve 
our surgical results, in 1987 we started using cervical 
block for carotid endarterectomy. In this retrospective 
study of 1020 consecutive patients who underwent 
carotid endarterectom?6 we compared perioperative 
complications in patients treated under general anaes- 
thesia and those who received cervical block 
anaesthesia. 
Material and Methods 
We reviewed the surgical outcome of 1020 consecutive 
carotid endarterectomies undertaken i  the Depart- 
ment of Vascular Surgery of the University "La 
Sapienza', Rome, Italy, over the 10 years from January 
1985 to December 1994. A total of 892 patients 
underwent surgery; 128 had bilateral carotid endarter- 
ectomies, a mean of 5.4 months elapsing between the 
two operations. We compared the 337 (33%) cases 
treated under general anaesthesia with the 683 (67%) 
treated under cervical block anaesthesia. The most 
frequent indication for endarterectomy was sympto- 
matic carotid artery disease (amaurosis fugax, TIA, 
minor stroke and completed stroke) : 312 patients, 
(93%) in the general anaesthesia group and 621 
patients (91%) in the cervical block group. Twenty-five 
patients (7%) receiving general anaesthesia and 62 
patients (9%) receiving cervical block anaesthesia h d 
asymptomatic severe internal carotid lesions (> 70%). 
All patients underwent preoperative neurological 
evaluation. The site and severity of the carotid artery 
lesions were defined by Duplex scanner and four- 
vessel angiography by traditional or digital subtrac- 
tion angiography. The severity of carotid disease, risk 
factors, and associated vascular disorders had a 
similar distribution in the two anaesthetic groups 
(Table 1). 
During general and local anaesthesia, fter an 
arterial radial line had been placed for continuous 
monitoring of systemic blood pressures, intraoper- 
ative EEG responses were monitored in all patients in 
the series by quantitative computerised electroence- 
phalography (QEEG) (ABM Datex). Up to and includ- 
ing December 1992, internal carotid artery stump 
pressures were measured in 443 cases, and a pressure 
< 40 mm Hg was considered the critical value for a 
risk of cerebral ischaemia due to carotid artery 
clamping. General endotracheal anaesthesia was 
induced with an intravenous infusion of droperidol, 
Table 1. Preoperative characteristics of 892 patients undergoing 
1020 carotid endarterectomies. 
General naesthesia Cervical b ock 
(337 cases) (683 cases) 
Sex: female 78 (23%) 125 (18.3%) 
Mean age 63 (33~0) 64 (48-79) 
(range) in years 
Risk factors % % 
Smoking 52 54 
Hypertension 50 52 
Diabetes 22 15 
Dyslipidaemia 12 16 
Ass. vasc. dis. 
Occl. dis. lower limbs 25.0 21.0 
Coronary disease 15.7 14.4 
Myocardial infarction 6.8 9.9 
Renovasc. hypertension 1.1 1.8 
AAA 2.7 4.8 
Angiographic lesions 
Unilateral stenosis 35.6 36.3 
Bilateral stenosis 42.4 44.9 
Stenosis +occlusion 22.0 18.7 
Brain CT-scan 193 (57%) 518 (75.3%) 
Positive % 50.3 46.0 
fentanyl and thipental sodium. Neuromuscular block- 
ade was obtained with intravenous infusion of succi- 
nylcholine-pancuronium or vecuronium. During sur- 
gery, anaesthesia was maintained with enflurane of 
isoflurane in nitrous oxide/oxygen. Mechanical ven- 
tilation was adjusted to obtain mild hypercapnia 
(Capnomac-Datex). Patients treated from September 
1987 onwards routinely received cervical block, 
induced by injecting 18 mg of 0.25% bupivacaine 
hydrochloride into cervical roots C2, CB and C4, and 
2% lidocaine hydrochloride subcutaneously along the 
incision. 
The cervical block had to be converted to general 
anaesthesia in five patients (0.7%) because of coughing 
in two and because of patient anxiety and restlessness 
in three. Carotid endarterectomy was done by a 
standard surgical technique. After dissection of the 
carotid arteries 5000 units of heparin sodium was 
injected intravenously before the cross-clamping test. 
During operations under general anaesthesia, the 
indications for selective shunting with Sundt shunt 
were the onset of reduced frequency and amplitude 
QEEG activity, or a stump pressure < 40 mm Hg. 
Clinical indications for shunting in the general anaes- 
thesia group included high neurological risk patients 
i.e. those with CT-scans howing evidence of previous 
infarctions, previous troke and severe internal bilat- 
eral carotid artery lesions. During cervical block, the 
only indications for an indwelling carotid artery shunt 
were deterioration of consciousness, aphasia, or con- 
tralateral motor deficit. Before and during the clamp- 
ing test, the systemic blood pressure was stabilised at 
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levels considered appropriate for the individual 
patient. In patients undergoing eneral anaesthesia 
and those receiving cervical block the indications for 
applying a Dacron patch were a small diameter 
internal carotid artery, arteriotomy prolonged beyond 
the origin of the internal carotid artery and a thick 
residual wall of the internal carotid after 
endarterectomy. 
Data were analysed for statistical significance with 
Chi-squared tests for contingency tables. A value 
equal to or less than 0.05 were considered to indicate 
statistical significance (two-sided test). 
Table 2. Perioperative r sults. 
General 
anaesthesia Cervical block 
(337 cases) (683 cases) 
Neurological morbidity 11 (3.2%) 9 (1.3%) *p=0.03 
Neurological mortality 4 (1.2%) 3 (0.4%) *p=NS 
Total neurological 15 (4.4%) 12 (1.8%) *p=0.01 
complications 
Cardiac morbidity 2 (0.6%) 2 (0.3%) 
Cardiac mortality 2 (0.6%) 2 (0.3%) 
Total cardiac omplications 4 (1.2%) 4 (0.6%) *p=NS 
Total 19 (5.6%) 16 (2.3%) 
*p-values obtained by Chi-squared contingency tables. 
Results 
In 29 (4.3%) of the 683 carotid endarterectomies n 
patients under cervical block intraoperative monitor- 
ing showed that the neurological status disagreed 
with the QEEG findings. Fourteen of the 29 (2.5%) 
were false-negative d tections for clamping ischaemia. 
False-positive findings had a similar frequency (15 
operations, 2.2%). Because intraoperative n urological 
evaluation in patients receiving cervical block 
included internal carotid artery stump pressure mon- 
itoring only until December 1992, neurological c inical 
status and stump pressure findings could be com- 
pared in only 443 patients. Stump pressure measure- 
ments proved unreliable in 51 cases (11.5%). In 12 
cases, (2.7%) the clamping test yielded a false-negative 
pressure (onset of neurological deficit at a stump 
pressure > 40 mm Hg) whereas in 39 (8.8%) it 
provided false-positive findings (no clinically evident 
neurological deficit at a stump pressure of < 40 mm 
Hg). Positive intraoperative monitoring findings dic- 
tated carotid artery shunting more frequently in 
patients under general anaesthesia than under cervical 
block (22% vs 13%; p = 0.0004). 
A fabric Dacron carotid patch angioplasty was used 
significantly more often in the general anaesthesia 
group than in the cervical block group (136 operations, 
40% vs 194, 28%; p = 0.0004). The mean carotid artery 
clamping time differed little between the two anaes- 
thetic groups (16 min for general anaesthesia vs 17 
rain for cervical block). In the entire series of 1020 
endarterectomies, perioperative neurologic events 
occurred after 27 operations (2.6%), accounting for a 
neurologic morbidity of 2.0% (20 cases); seven patients 
died resulting in an operative neurological mortality 
of 0.6%. Eight patients (0.8%) had acute postoperative 
myocardial infarctions, in four patients (0.4%) this was 
the cause of death. 
Analysis of the postoperative r sults showed that 
the general anaesthesia group had a significantly 
higher perioperative stroke morbidity than the cervi- 
cal block group (11 cases, 3.2% vs 9 cases, 1.3%; 
p = 0.035). Although neurological mortality was almost 
three-fold higher in patients receiving eneral anaes- 
thesia than in those receiving cervical block (1.2%, 4 of 
337 patients, vs 0.4%, 3 of 683 patients) the difference 
did not reach statistical significance. Cumulative 
analysis of morbidity and death stroke rates increased 
the statistical significance of the difference between 
the two groups (p = 0.01) (Table 2). The cumulative 
morbidity-mortality rate for cardiac omplications did 
not differ significantly between the general and local 
anaesthesia groups (1.2% vs 0.6%) (Table 2). Four 
patients operated on under general anaesthesia had 
postoperative acute myocardial infarctions; two 
infarctions (0.6%) were lethal. Four patients operated 
under cervical block anaesthesia had postoperative 
acute myocardial infarctions, two of them died, 
yielding a mortality rate of 0.3% (Table 2). 
Of the 15 patients who underwent carotid endarter- 
ectomy under general anaesthesia nd who had 
postoperative neurological complications, our review 
of the records revealed an exact cause in one case only. 
This patient underwent immediate surgical revision, 
which revealed the cause of thrombosis to be an 
intimal flap at the origin of the internal carotid artery. 
In two of the remaining 14 patients, the complications 
presumably resulted from intraoperative causes. In 
the first of the two, the description at primary 
operation, of abundant clots on the carotid plaque and 
the use of a balloon catheter thrombectomy suggested 
an intraoperative cerebral embolism. In the other 
patient, who had a carotid artery shunt because of 
intolerance to clamping ischaemia, the intraoperative 
complication probably originated either from an 
embolism or a malfunctioning shunt. In the remaining 
12 patients, neither of the intraoperative monitoring 
techniques (stump pressure and QEEG) detected 
intolerance at the cross-clamping test. None of these 
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patients received a carotid artery shunt but all of them 
had neurological complications on awakening from 
anaesthesia. In the group of patients operated on 
under general anaesthesia our review therefore identi- 
fied 12 of 337 neurological complications (3.5%) that 
probably escaped detection during intraoperative 
monitoring. 
In contrast, in the 683 patients receiving cervical 
block anaesthesia, postoperative stroke had clearly 
identifiable causes: intraoperative cerebral embolism 
in six patients (50%); perioperative thrombosis and 
embolisation i five (41.7%); and clamping ischaemia 
in one (8.3%). Four embolisations occurred intra- 
operatively during dissection of the carotid bulb. In 
two patients a neurological deficit became evident 
within the first postoperative day but Duplex scan- 
ning showed a patent carotid bifurcation. In both 
cases, CT-scans obtained 24 and 72 h later showed a 
small cerebral infarct. Perioperative thrombosis was 
diagnosed in five cases. In two of the five, the onset of 
a neurological deficit in the recovery room led to 
immediate reoperation. In both patients, surgical 
exploration confirmed a technical defect (distal inti- 
mal flap in the internal carotid artery). In the other 
three, in whom a neurological deficit developed more 
than 24 h after surgery, Duplex scanning detected 
thrombosis, which had caused atransient neurological 
deficit in two patients (monoparesis in one and 
monocular blindness in another) and profound coma 
in the third. None of the three patients underwent 
surgical correction, because the neurological deficit 
was attributed not to the thrombosis at the site of 
operation but to an associated istal embolism. 
The reliability of clinical brain monitoring during 
local anaesthesia allowed us to study the relationship 
between internal carotid shunts and neurologic om- 
plications to evaluate whether the use of a shunt could 
have increased the surgical risks (Table 3). Chi-square 
analysis showed the shunt to be a significant risk 
factor (p = 0.0039) for postoperative n urological com- 
plications. In all five patients in whom neurological 
deficits developed at clamping test, declamping 
Table 3. Neurologic complications and shunt utilisation. 
Cervical block anaesthesia 683 cases 
Shunt No shunt 
(n=92) (n=591) 
Complications 5* (5.4%) 7 (1.2%) 
No complications 87 584 
p=0.0039 
*Three permanent neurologic complications. 
*p-values obtained by Chi-squared contingency tables. 
reversed the neurological deficit. Three of the five had 
operative deficits, one permanent and two transient, 
caused by malfunctioning shunts. The other two had 
clinical contralateral monoparesis caused by micro- 
embolisations confirmed by postoperative CT-scan 
evidence of small cerebral infarcts. 
Discussion 
Our 10-year etrospective study adds to the ample 
evidence confirming cervical block anaesthesia as a 
major advance in improving the perioperative r sults 
of carotid endarterectomy. 16-1s A strong point of our 
study is that our anaesthesiologists, surgical staff and 
the surgical indications remained unchanged through- 
out the 10 years. Only the choice of anaesthesia 
changed. 
Our review showed that changing from general 
anaesthesia to cervical block as the standard anaes- 
thetic technique significantly reduced the perioper- 
ative stroke rate and total neurological complication 
rate (stroke and stroke-related death). The improved 
outcome depended chiefly on three improvements: 
clinical cerebral monitoring provided more accurate 
intraoperative findings than QEEG or stump pressure 
monitoring and operating in awake patients reduced 
the need for shunting. In addition, the experience 
gained during the first carotid endarterectomies under 
cervical block anaesthesia, llowed us to introduce an 
important change in surgical technique (clamping of 
the carotid bifurcation before carotid bulb 
dissection). 
Improved intraoperative monitoring during cervi- 
cal block anaesthesia is consistent with findings 
previously reported. 5'6 In our series, intraoperative 
QEEG and stump pressure measurements resulted in 
2.2% and 8.8% of false-positives for the need for 
shunting. The evaluation of clinical status during 
cross-clamping in the awake patient resulted in shunt 
use on only 4.2%. In operations under general anaes- 
thesia these false-negatives could have resulted in an 
unrecognised intraoperative neurologic omplication 
related to clamping ischaemia. False-positives could 
have resulted in unnecessary internal carotid artery 
shunting. Cervical block had the advantage of allow- 
ing reliable intraoperative monitoring of patients' 
cerebral function so that shunts were used sig- 
nificantly less frequently and more appropriately. 
Although internal carotid artery shunting is not 
without risk, its proper use can help to reduce 
intraoperative complications. 7'19'2° To determine the 
risks of shunt application in patients operated on 
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under cervical block, we calculated the incidence of 
neurologic omplications related to the use or non-use 
of an internal shunt. Shunted patients had a sig- 
nificantly higher frequency of intraoperative deficits. 
In line with other reports, 7'19'z° complications in 
shunted patients invariably involved the shunt per se 
(intraoperative embolisation through the shunt in two 
cases, and malfunctioning shunt in three). Finall)5 
operating in the awake patient allowed us to trace the 
cause of the complication to a technical error (for 
example, embolisation during dissection of the carotid 
bulb). In patients under general anaesthesia, even 
with continuous QEEG monitoring, these errors could 
have been missed and such a cause of intraoperative 
complication could have been undiagnosed. 
Although postoperative cardiac complications did 
not differ significantly between the two anaesthetic 
groups we found a lower incidence of perioperative 
acute myocardial infarction after operations under 
cervical block. Our findings concur with data from 
others including a recent report from Allen et at. 18 
confirming a lower frequency of arrhythmias and 
acute myocardial infarctions after operation under 
cervical block. 21'22 The exact reason why cervical block 
apparently reduces postoperative cardiac complica- 
tions remains unclear. Published studies describing 
intraoperative and perioperative haemodynamic 
blood pressure changes in reported series comparing 
general and cervical block anaesthesia for carotid 
endarterectomy have provided contrasting results. 
Corson et aI. 23 showed that patients receiving eneral 
anaesthesia had significantly greater blood pressure 
instability than patients operated under cervical block. 
These data agree with our previous tudy 23 comparing 
the haemodynamic effects of the two types of anaes- 
thesia which provided evidence that, compared with 
general anaesthesia, local anaesthesia preserved hae- 
modynamic stabilit3~ reduced the use of hypotensive 
drugs, and also reduced cardiologic omplications. In 
contrast, Gabelman et aI. 24 noted that local anaesthesia 
led to greater intraoperative blood pressure instability 
and Forsell et aI. 25 later reported that local anaesthesia 
caused more intraoperative hypertension than general 
anaesthesia. Others have reported that cervical block 
simplifies haemodynamic postoperative control of 
26 27 systemic blood pressure. ' 
From our review comparing general anaesthesia 
with cervical block we conclude that endarterectomy 
in the awake patient offers the most reliable technique 
for monitoring brain function and for deciding on the 
need for a shunt. A statistically significant reduction in 
postoperative neurologic complications compared 
with general anaesthesia seems directly due to this 
factor. Cervical block permits intraoperative accidents 
(for example, embolisation, malfunctioning shunt) to 
always be diagnosed. It rarely needs to be converted 
to general anaesthesia (0.7% in our series) because 
most patients accept and tolerate the procedure well. 
Cervical block has a more favourable influence than 
general anaesthesia on the surgical outcome of 
patients undergoing carotid endarterectomy. 
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